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Abstract

The implications of the existing experimental and theoretical
infcrrnatjonon the p.v. meson-nucleon coupling constants are investigated.

Parity-violatjnfieffects have been observed in numerous nonlep-
tcmic nuclear processes. It is gc’nerallybelieved that they are manifes-
tations of the first-order AS = O nnnleptonic weak interactions, expected
in modern theories of the weak i.ntcractions. Their dominant effect in
nuclear systems is a p.v. contribution to the NN interaction. It iS CX-

pccted (with reservations for pf~ssihl.yimportant contributions from two

pion-exchnge) that for low-en.-!;yproccsscs the latter can be well rep-
resented hy a potential stmmin~, frum the exchange of single pseudo-
scalar and vector mesons: the ‘#, PtSo and the w. Apart from the 5
strong coupling cmstonts (flnNNslloNNt and lJbj)sthis potential

l~p’w~~~~ wc shall denote Po,COnt;linS ; affcctivc C(l[lp].ingCOnSLilllt!; ,

P], PT3 P s Wo, ‘i anfi flr~

~

describin~ (in units of 10-6) the p.v. NNM
vcrtices2 . The p.v. c!ouJJ~illfi~ol~:;tilnts, throu[;hwhicJltilep.v.
llarniltonianenters arc the quantities to bc deduced from experjrnentto
confront predictions b.ascdon weak lnt-tractiontheory. The purpose of
the present study is to examine+the extent to which they can be determin-
ed on the basis of the existing cxpcrimcntal information and the avail-
able calculations.

Calculations of lnw-cncr~y p.v. observabl,cshave been carried
out using directly the p.v. NN potential und assuming a model for the
short distance behavior of the strong NN intcraction3), or in an approach
pioneered by Jlcsplanquesnnd Missimcr5), which sturts from an effective
two-body potcntlal i’~ramctcrizcdin trrms of the!P.V. NNT coupling con-
stant and the 5 zero-energy NN scatterin~ ampljtudcs for S1)transitions,
and which therefore incorp@ratcs the effects of the short range behavior
of the strong NN intcract”l.on,In Lhh paper wc shall discuss the impli-
cations of the DM calculations.~) Among complex nuclei, calculations
which stnrt from the p.v. meson-exchange potcnt~illhnve been carried out
in sufficient generality only for 18F, 1%7 ilnd21Ne. Wc note that pre-
dictions for these nuclui differ consiclceub]yfrom those of DM, pointing
to the need for further tlleoretlcillwork, A dificussionof the implicat-
ions of these different.cswill.lIcpostponed to Ref. 6.

Dc~plnnqucs and Missimer presented results for 10 p.v. obser-
vable in tcrnm of thcj.r6 pnramel’ern.7) To rcl;ltethe IN parnm~?tersto

the NNM coupl.innc~nsLiintfi, wc UHCLJthe calculntlons of McKcllar and
Lnsscy,4) assuming the Rcjd-.l’icpcrsoft core potcntia] for tlw stron~ NN
intcrnction. S[ncc thi~ relatjollsh.Ipmaps 3 isovectnr NNM collpl.ingcon-
stnnts (pl, Ul, and p:) into two AI=l S-P ~runsiticn amplitudes, there is



..
0’ one linear ccnnbinntionof the NNN constantswhich remains undctcrml.nml..

&~D wll~.ch iS not WCI1 known, IIas been left ns a free parameter. For vu
the ‘Scnnonl.ca].” vnluc-,12hnd to lMJ used since it is incorporated in the
calcul.ntlons of Ref. 3. We took gpNN = 5.4 and VP = 3.7.

The goal of our analy~is is to detcrmlnc values or bounds for
the P.V. NNMcoupl~ng constants from consistent subsets of data, with no
a priori assumptions on their possible size, and with constraints imposed
as discutisctl below. Thus the ideal choice of the parameters to carry out
the analysis would bc t!lc linear cnmblnation~ of the NW4constants, which
are the cigcnvcctors of the measurement matrix. The latter arc statisti-
cally indopcndent and constraining some of thcm would not thcrcforc in-
fluence the values determined for others. On the other hand, the clgcn-
vectors of the measurement matrix involve in general NNMconstants corres-
ponding t.o all isospin components of the p.v. Namiltonian. As it is of
interest to seek information on quantities associated with the individual
isospin compnnentg, only thos~ orthogonal. transformations of the seven
NNN constants were admitted which do not mix the subspaccs corresponding
to different values of isospi.n. In addition, we have also separated the
p.v. NNITcoupling constant from the 1=1 vector meson onm, hecausc its
contribution to the p.v. oh~ervables is free of the uncertainties in the
shnrt-dlutill~ce behavior of the strong NN interaction. The resulting l.in.
comb~nations, determined using the mcnsurcmcnt matrix of all 10 data arc
Fr, 02, Ao = ‘.f)~~o + .76Po, BO =+.76& + .65(10, Al=-.68fil - .69r)1
-,22P*, 1!1 - -.39& + .61P1 -.69P1 and Cl = -.62~l + .39p1 + .68p~, u!lerc
60,1 -fA)OOl R~lNNkpNN* Inspection of the clgcnvalues shows that An(,I]) is
better determined than Jlo(hl) ilnd idcntfflcd Cl ns the undetermhm! com-
bination. When fewer data are included, Ao(Al) will still be better de-
termined than 130(B1), since the coefficients of the latter nre small in
mont of the olmcrvahl.cso

It hns proven useful for discussing the consistency of the data
to di~ldc them Into the follow~~g four groupH: (A) Z P.V. effwt~ ill %,

‘9F, pp scattering, ifiO and jn n+p -* d+y; fB) Z circ. polarization in
21Nc” (C) R circ. polnrlzation in n+p + d~” and (D) E circ. polar:[zations
in 4~.K, 17%,sI and 181Tn. The results of various fits arc shown in ‘1’nhl.e
1.8) Tlm following conclusknl+ cnn bc drawn: 1,) Consldcring the ~;rollp
(A) alone, the ndditionnl parnmetcr, which is undctermtncd turns out to
be nppr~xlmiltcly equal to no. Inspection showfi that ~1 can hc nc~~lccted,
as long utiIB,I <1.00. l’llercmlti.ng 4-par~lmctcr fit showti that set (A)
docq not r~lquire and 1=1 or 1=2 p.v. interaction. The dnt,n can bc cx-
plnincd hy onc isoscalnr parnmc!tcr, a one parameter flt ylclding A. =
2,2 t ,2 (X2 - 0.9/5-1). At the same time, the heavy elcmunts (~ct D)ntc
prcdictd Lo hnvc the rlcht si~n nnd k nhout n factor of two too low in
mnfylltude. The cibovc viI1.uc of Ao is fixctl hy the ~% experiment iInd con-
scquent~.y it is Hubjcct to the unccrtninticn “[n the r.nrrcspondjn~ calcula-
tions. 2) Inclusion of the circ. polarization in n+p + d+y kad~; to a
Cood X2. A l,argc value of PZ is required, as sugRcsL~’d flrHt by
McKcllnr,g) Provided that Illol < MO, there jFJ no way to explain
this experiment w~thnut iI large PZ. The lnr~c WIluc of p2 inducc~zin turn
a l.nrge Al (to cnuccl the effect of pz in A, ) and an appropriate fn (LU
ccnccl, the effect of Al in ldF). 3) The f}! tn (A) + (D) gjven csHcn-
tiizlly the same results as the fit to (.A) + (C). However, hure the cvi-
dcncc for ii lnrpc p? muHt bc viewed with cnulion, sinuc it dcpcnd~ on the
prt?cim! qunntitntivc corrcctncww of th~ nur.lrnr str~luturc c~l~ulilt~~n for
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,. . t.lLc heavy elumunts and/nr for 160. 4) 21Nc jS in~~nSiSt~llt ~itll (A)
()(2 =21/6-4; X2 = 7.7/6-5). The fitted valuo of 160 is too smnl.1 by ‘3
~Londard deviations and LIIC fitted value of 21Nc Is too lilrgc by ‘3
standard dcvlatio~s. 5) The fit to all data exe].uding 21Nc lms a mar~in-
ally ncccptablc )( and Icmls to villu~~ of AO find ?T consistent with gcnt’r-
al theoretical. cx]J~Ct:ltiC)llS and in particular with the bounds predictd
by l)esplnnqucs, DonoRlulc and llolstcinl~) in n quark-model approacll}l)lh]w-
cver the rcqu~rcd value of PZ (and probably also of Al) seems to bc LOO
large to be understood in terms of the weak interactions. At? discussed
before, this last statement bccomca serious only if the rc~ult for the:
circ. polarization in n+p + d+y is confirmed. 6) There exists a good

Table I. Sunnmry of least Squares Fits to Subsets of Experimental Data.
H(N) is the number ofmcasurcmcnts (adjustc(i paramct,ers)

Included in the fit.
P Is t.hc probability that a value of X2 larqfir than the quoted

one will occur through random fluctuations. .

Data
Set

A A+C A+ C A+D A+C+D A+C+D

)(4’I-14 .07/5-4 0/6-6 1.9/6-4 8.O/fl-4 6.2/9-6 8.2/9.4

P .80 ------ .33 ,09 .10 .14

Quality Good - ----

.—

Good %rgin~l Marginal Marginal
—- -—

‘o 2.2(.2) -1(13) 2.2(.2) 2.2(.2; 1.5;.s) 2.2(,2)

‘o < 260

Al 2(18)

e, 100

?% - .6(2.’

P2 4(15)
.

-4300(14000) < 190 < 26(J -810(570) < 230

390(1400) 27(10) 26(12) 50(22) 30(9)

21 OO(77(JO) < 40 < 50 2’40(100) ~ 40

) -33(120) -2.9(1.1) -2.7(1.3) -4.7(1.8) -3.2(1.0)

-170(fm) 20(s) 20(9) -10(25) 24(7)

2-paranmtnr fit to set (A) wlIich inr.ludrs ; , If one sets the fol,lowjng
bounds for the other Iwram(’tcrs:

IP7!I ~ 9.
li.’ol~ MO!’ 11111 S22, IAII GG.9LI11cI

TIICIN are conHJtilxmt with tllnse[:lvcnin Ref. 10 for both the
Cnhihho mndcl.ilnd the Wc’inlmr@nlam nmdcl., provided lp~l < 4 (with

hNN/~pNN ~ 2 asuurncd). For this hypotlw~ls WC find )(2 = 0~9/5-2 {lncl
Ao = 2.2 f .2, ?,r o 0.02 Y 0.09. Tltesc vill.uos of Ao and F,rfall witllln
the prcdictcd bounds of Ref. 10, but lend to pr(diction~ for the p.v.
obmcrvnbl,es in group II wlILch ngrcc with cxpurirncntonly within a factor
of two, ‘1’hccircular polarization in n+p ‘~ d+y iS uncxpln:l.ncd.

I
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)’ ● conntants by shout a factor of two. As expected, tile value of ?n is not
nltcrwl.

*
Work performed under the auspices of the U. S. DOE.

Rcfcrenccs

1)
2)

3)

4)
5)
6)
7)
8)

9)
10)

11)

M. Chcmtob and B. Desp]anques, Nucl. Phys. B78, 139 (1974).
Our p.v. coup]infi (!(JIIStilll~S are defined by~e also Ref. 6)

. ..]u t(m) (N=n or p) for (jmi)=A;,m ~ (NmilH~~~”lpJ = mjfiN[YVY5+

(O,p,+), (l,p,O), (2,0,+), (O,LIJ,O) and (!,~,~); furthermore, A: ,,[+

‘iminup and A; ~ = (); :n[id~’(pn Pp),)/2Ml u ● The Bjorkcn-Ur;ll
# P

conventions were mloptcd. On the basis of cxpcricnce with AS = 1
nonleptonic weak interactions onc could expect Pot ‘O, ... to be Of

order C’/C (the constants describing Al = 0,1 transitions per~aps
ag large ns 6 G’/C and P2 somewhat smaller than C’/C), where G is
Lhe coup].jngconstant involved in t!lccorresponding AS = O

~m2 .= lo-sHmniltoni:n, and
B. H. J. l!cKel,lar,P:oc. Vanc;uvcr Conf. on N-N Interactions, 1.977,
AIP Conf. Proc. No. 41, p. 432.
B. H. J. McKcilar, Ref. 3 and pr~vnte communication.
B. Desplanquns (md J. Missimcr, Nucl. Phys. A300, 286 (1.978).
A detniled account of this work will be publjshc:d clscwhcrc.

.—.

B. Despl.mques and J. Missimer9 to bc published.
In l’able I an inequality for a given parameter represents an imposccl
constraint on its ahsnlutc value, which ~:liilri]nt[:es tlliltsettin~ it

to zero will not cllan~e the values of any otl]cr param~’1.crsby more
thnn a ~tandurd deviation. t!eusc such constraints wlwn tho inclu-
sion of n very poorly determined ptirarnctcrwoli].dlead to large un-
certainties in some ol.lwr partinctcrs. NOLC tilecomparison bcLwcctl
the two (A) + (C) f~ts in Table l’.
Il.11.J. McKellar, Nucl. Phys. A254, 349 (1975).
B. I’)esplnnques,J. F. Donoghue and B. R. IIr)lstcln,MIT l’reprint,
1979, tn be published.
The VEIIUCSof AO and 7V arC!CollS~StCllt W~ttl hotli ttl(!bollll(l!+

predicted for the Cabibbo model and those for tileWcillhcr~-Salnm
model.


